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Abstract 
This paper proposes an auto-compensation method for defocusing distance caused by temperature and pressure in 
aviation imaging equipment. As the host computer, the TMS320F2812 is the core controller and the digital pressure 
sensor MS5534C from Intersema Company is used as slave computer. The controller   acquires the output of the 
temperature and the pressure from the sensor through MCBSP interface. By the change of temperature and pressure 
which results in defocusing distance, the software is adopted to compensate the defocusing distance and thereby 
keeps the stabilization of focal plane in aviation imaging equipment. The design proposal and the software flow is 
shown in the paper, furthermore the new system has simple interface, small size and real-time function. With many 
flight tests, the defocusing distance after the compensation of temperature and pressure is far less than the half focal 
depth of the optical system and it is fully satisfied with the requirements of imaging. 
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1. Introduction 
For short-focus or mid-focus aviation imaging systems, usually the shift of best imaging surface 
which is caused by the change of ambient condition has little effect on the image quality. So it is quite 
common to take fixed focal length for those systems. But for the long-focus aviation imaging systems, the 
change of temperature and pressure has huge effect on the focus length and optical distance. This negative 
impact would result in defocusing of the optical system. In order to improve image quality, it is crucial to 
real-timely compensate the defocusing distance caused by the change of ambient condition. That is the 
impetus why this paper design a defocusing distance auto-compensation system based on pressure sensor 
MS5534C, including a CPU, a temperature-pressure sensor, focal-plane driving mount, focal-plane 
feedback mount etc. 
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calculation of defocusing distance compensation, and sending control instructions to focal-plane driving 
mount. The focal-plane potentiometer reflects the focal-plane position and gives the digital data to CPU 
after A/D converting, so a closed-loop position control is achieved. 
  
Figure1. The schematic diagram 
2.  Design of hardware circuit 
The introduction of  MS5534C 
The MS5534C is a SMD-hybrid device including a piezoresistive pressure sensor and an ADC-Interface 
IC. It provides a 16 Bit data word from a pressure and temperature dependent voltage. Additionally the 
module contains 6 readable coefficients for a highly accurate software calibration of the sensor. MS5534C 
is a low power, low voltage device with automatic power down (ON/OFF) switching. A 3-wire interface is 
used for all communications with CPU. The MS5534C is fully software compatible to the previous 
versions (MS5534A and MS5534B).  
Main features: 
z High resolution: 16 bit ADC, 10 - 1100 mbar absolute pressure range, 0.1mbar resolution.-40°C to 
+125°C operation temperature, 0.01°C resolution. 
z High precision: The module contains 6 readable coefficients for a highly accurate software calibration 
of the sensor. The absolute pressure accuracy is f1.5 mbar and relative pressure accuracy isf0.5 
mbar, the temperature accuracy isf0.8ć. 
z Simple interface:  The communication between the MS5534C and CPU is realized over an 
easy-to-use 3-wire serial interface with only 1 system clock line (32.768 kHz).  
z Low voltage and low power consumption: Supply voltage 2.2 V to 3.6 V and low operating current 
with automatic power down (ON/OFF) switching. 
z Small in size:  Integrated miniature pressure sensor 9h9 mm in size. 
The interface circuit between MS5534C and CPU 
   The MS5534C communicates with TMS320F2812 through McBSP via a 3-wire synchronous serial 
interface as shown in Fig.2. The supply voltage of MS5534C is between 2.2V to 3.6V which can be 
directly driven by supply system of TMS320F2812 due to the similar supply voltage range from 1.8V to 
3.3V. Particular care must be taken that when connecting the device to power supply, a 47 ȝF tantalum 
capacitor must be placed as close as possible beside the pin of VDD. This capacitor will stabilize the power 
supply during data conversion and thus, provide the highest possible accuracy. The 32.768 kHz system 
clock is produced by PWM1 pin of DSP and the SCLK (Serial clock) signal is also driven by DSP. The 
data type of output of MS5534C depends on the command orders of what the pin DIN of MS5534C 
receives while communicating. The pin DOUT outputs the transfer results and the calibration data.

Figure2. Interface circuit of MS5534C and TMS320F2812 
3. Design of software  
The design of software basically includes the configuration of McBSP interface, data read of 
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temperature and pressure, data calibration, compensation of defocusing distance etc. The operation process:  
CPU supplies the 32.768 kHz system clock to MS5534C, then resetting MS5534C by giving the reset 
instruction to it, and reading the six factory-calibrated coefficients (total four words). Afterwards, the 
MS5534C calculates the current temperature and pressure by calibrating the acquired temperature and 
pressure data. The CPU computes the total defocusing distance by the curves of temperature- defocusing 
distance and pressure- defocusing distance, and the focal-plane driving mount adjusts the focal-plane 
positionsubsequently. 
Configuration of McBSP interface 
The CPU reads data from MS5534C via the multiple channel buffers, and uses SPI data 
communication protocol. The clock stop mode of the McBSP provides compatibility with the SPI protocol. 
When the McBSP is configured in clock stop mode, the transmitter and receiver are internally 
synchronized, so that the McBSP functions as an SPI master or slave device. The transmit clock signal 
corresponds to the serial clock signal (SCLK) of the SPI protocol. 
To configure the McBSP for SPI master operation: 
1) Place the transmitter and receiver in reset: 
Clear the transmitter reset bit (XRST = 0) in SPCR2, to reset the transmitter. Clear the receiver reset bit 
(RRST = 0) in SPCR1, to reset the receiver. 
2) Place the sample rate generator in reset: 
Clear the sample rate generator reset bit (GRST = 0) in SPCR2, to reset the sample rate generator. 
3) Program registers that affect SPI operation: 
Program the appropriate McBSP registers to configure the McBSP for proper operation as an SPI 
master.  
4) Enable the sample rate generator. 
5) Enable the transmitter and receiver. 
The data communication software between MS5534C and CPU 
   Every MS5534C module is individually factory calibrated at temperature and pressure. As a result, 6 
coefficients necessary to compensate for pressure variations and temperature variations are calculated and 
stored in the 64-bit PROM of each module. These 64-bit (partitioned into four words of 16-bit) must be 
read by the microcontroller software and used in the program converting D1 and D2 into compensated 
pressure and temperature values. 
The sequence of reading calibration Word1 to Word4 is depicted in Fig. 3. For the sake of ensuring 
the reliability of communication, the McBSP should transmit data one-half cycle ahead of the rising edge 
and receive data on the rising edge. In addition, after the CPU transmits, the CPU transmits a null frame 
data to provide the clock signal for the slave to transmit output data. What should be concerned is that the 
communication interface is full duplex; the McBSP transmits and receives at the same time, so the frame 
data is invalid and necessary to be read to start next copy process from the data buffer register to the data 
receiving register. While communicating, there is a START sequence (3-Bit high) before each SETUP 
sequence and STOP sequence (3-Bit low) after each SETUP sequence. The Word1, For instance, the 
transmission frame should be 1-1-1-0-1-0-1-0-1-0-0-0, but in the SPI protocol, only 8 bits are allowed in 
each frame data. One way to solve the problem is to partition the transmission frame into two bytes. If it is 
deficient in two bytes, the absent bits will be filled with zero. Simultaneously, the SCLK pin needs an 
additional clock pulse. The transmission frame becomes 0-0-0-1-1-1-0-1-0-1-0-1-0-0-0-0 tˈhat is 1D50H in 
hex. Also, the command frames for reading Word2, Word3 and Word4 are 1D60Hǃ1D90H and 1DA0Hˈ
The reset command frame is 155540H. 
306  Zheng Lina et al. / Physics Procedia 24 (2012) 303 – 307

Figure3. Flow chart of reading calibration data 
   The process of reading the 16-bit values for pressure (D1) and temperature (D2) is similar to calibration 
data. The CPU transmits the command frames of 0F40H (D1) or 0F20H (D2) to the MS5534C. Then 
SCLK is to be held low by the CPU until a high to low transition on DOUT indicates the end of the 
conversion. The conversion takes 35ms. The compensated temperature and pressure (the current ambient 
temperature and pressure) will be calculated by means of reading D1, D2 and the compensation 
coefficients C1 to C6. In order to obtain full accuracy over the whole temperature range, it is recommended 
to compensate for the nonlinearity of the output of the temperature sensor. This can be achieved by the 
second-order temperature calculation. In this system, the error of the defocusing distance caused by 
non-linearity of temperature is far less than the half focal depth, so the second-order temperature 
compensation is not necessary. 
The compensation of defocusing distance  
  The CPU obtains the position of focal-plane by the feedback of focal-plane potentiometer after A/D 
sampling. The variation of AD code value reflects the defocusing distance caused by the change of ambient 
condition. The least-square method can fit the relation curve between the potentiometer sampling value and 
the change of pressure, temperature. Fig.4 exhibits the fitting curve between sampling value and 
temperature change only. The CPU computes the actual defocusing distance based on the practical 
temperature and pressure. When the defocusing distance is positive, the CPU gives the signal to move the 
lens focus forward by controlling the motor, and vice versa. 

Figure4. The fitting curve of AD value and temperature 
4. Conclusion 
The chips used in system can be commonly found in market, so this will obviously reduce the 
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production cost in the aviation industry which has special requirement for temperature. The 
surface-mounted devices make sure that the whole system is small in size. The circuit has been 
successfully used in a kind of aviation imaging equipment. System keeps fine stabilization of focal plane in 
aviation imaging equipment after the compensation of defocusing distance. After flying experiment, the 
imaging effect is preferable, which satisfies the imaging requirement. The design has special reference 
value for stereo mapping, aviation reconnaissance systems which need to focus real-timely. 
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